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(b1 - b4). We previously identified a leucine-rich repeat (LRR) containing pro-
tein, LRRC26, as a new type of BK channel auxiliary subunit, which causes an
unprecedented large negative shift in voltage dependence of channel activation.
Here we report a group of LRRC26 paralogous proteins LRRC52, LRRC55 and
LRRC38 that potentially function as LRRC26-type auxiliary subunits of BK
channels. LRRC52, LRRC55 and LRRC38 produce marked shifts in the BK
channel’s voltage dependence of activation in hyperpolarization direction to
different extents. They together with LRRC26 show distinct expression in dif-
ferent human tissues and may have a broad influence of the BK channel func-
tion in different tissues or cell types.
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A Modular Heat-Sensing Domain Activates K2P2.1 through a Heat-
Insensitive Gate
Sviatoslav Bagriantsev, Kimberly Clark, Daniel L. Minor.
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Ion channels often havemodular structure with dedicated gating and sensory do-
mains. Ligand binding to a localized site in the sensory domain usually affects
channel function through allosteric effects on the gate. It is not clear whether
this paradigm is applicable to ion channels regulated by temperature. Indeed,
temperature may have an effect on the whole channel structure and thus, bypass
the need for a dedicated heat-sensing domain. Heat leads to activation of the
‘leak’ two-pore (K2P) potassium channel K2P2.1 (KCNK2/TREK-1) through
opening of a selectivity filter-based outer gate in the extracellular pore domain.
We sought to investigatewhether the pore plays a role in sensing heat or whether
it only functions as a gate that responds to the commands from the temperature-
sensing elements located elsewhere in the channel.We found that the incorpora-
tion of mutations designed to prevent allosteric communication between the in-
tracellular C-terminal domain and the pore domain of K2P2.1 resulted in
channels that remain functional but fail to respond to temperature. These results
indicate that the gating mechanism of the pore lacks intrinsic temperature sensi-
tivity and that the heat-sensing elements of K2P2.1 are confined within its C-ter-
minus. Our data provide experimental support for the general notion of the
existence of modular temperature sensing domains and highlight functional dis-
tinction between gating and sensory elements in heat-sensitive ion channels.
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Cell-surface K2P1 channels are most often electrically quiet despite their wide-
spread expression in excitable tissues. Previously, we studied human K2P1 ex-
pressed in Chinese hamster ovary cells and found one small ubiquitin-like
modifier protein (SUMO) conjugated to one K2P1 subunit to be sufficient to si-
lence the dimeric channels (Plant et al., 2010, PNAS 107). Here, we assess K2P1
sumoylation in cultured rat cerebellar granule neurons (CGN). K2P channels
have been posited to produce IKso (the standing outward potassium current re-
sponsive to changes in pH and volatile anesthetics) in CGN. First, we developed
a fluorescentmethod to count singlemRNA transcripts and showed that those for
KCNK1, KCNK3 and KCNK9 (encoding K2P1, K2P3 and K2P9, respectively)
were present together in individual CGNs at a ratio of 2:8:1. Next, using
antibody-mediated FRET,we observed native K2P1, K2P3 andK2P9 to interact
with SUMO1at the neuronal surfacewhereas nativeK2P2 (TREK1) did not.Un-
like channels with K2P1, the function of channels with K2P3, K2P9 or K2P2
were found to be insensitive to SUMO1.We reconciled the apparently discrepant
findings by showing that K2P1 subunits are incorporated into mixed assemblies
with K2P3 or K2P9 (but not K2P2) to form novel two P domain, acid-sensitive
(TASK) channels. Channels with just one K2P1 subunit were held in silent re-
serve at the CGN surface by sumoylation. Accordingly, intracellular application
of the desumoylating enzyme SENP1 to CGN doubled the magnitude of IKso
(decreasing excitability via expected shifts in restingmembrane potential and re-
sistance) and tripled the response to halothane. Because K2P1, K2P3 and K2P9
are expressed together throughout the body and the SUMO pathway is ubiqui-
tous this mechanism of regulation is expected be common.
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M-type Kþ channels, encoded by the KCNQ2-5 family of genes, play key roles
in the regulation of neuronal excitability; however, less is known about themechanisms controlling their expression. Here we propose that neuronal stimu-
lation induces elevated M-channel expression by activation of NFAT transcrip-
tion factors in response to Ca2þ/calcineurin (CaN)-mediated dephosphorylation,
orchestrated by A-kinase-anchoring protein (AKAP) 79/150. We observed aug-
mented mRNA for KCNQ2-3 and currents after stimulation of rat sympathetic
neurons by either high-Kþ or acetylcholine (ACh), by qRT-PCR and
perforated-patchwhole-cell clamp. Stimulation also elicited an increase in intra-
cellular [Ca2þ] and nuclear translocation of both endogenous and transfected
GFP tagged-NFATc1-c2 from the cytoplasm to the nucelus. As evidence that
this regulation of M channel expression is NFAT-mediated, exogenous expres-
sion of constitutively-active NFAT in sympathetic neurons increased tonic
M-channel expression, which was not further increased by high-Kþ stimulation.
Moreover, this augmented transcription was suppressed by incubation of the
neurons with the CaN inhibitor, cyclosporine A, and the membrane-
permeable VIVIT inhibitory peptide, which competes with CaN for binding to
NFATs. The involvement of AKAP79/150 in CaN/NFAT regulation ofM-chan-
nel expression was also studied in sympathetic neurons isolated from
AKAP150þ/þ and AKAP150-/- mice. We found AKAP150-/- neurons to
lackNFATc1 nuclear translocation and augmented expression ofM channels af-
ter high-Kþ stimulation, which was ‘‘rescued’’ by transfection of WT AKAP79
or a non-PKCbindingAKAP79mutant, but notAKAP79mutants unable to bind
CaN. Removal of external Ca2þ or addition of nifedipine during stimulation
eliminated NFATc1 nuclear translocation and augmentedM current, suggesting
the role of L-type channels as the activity sensor. Thus, neuronal-activity regu-
lates M-channel transcription, which in turn controls neuronal excitability. This
activity-dependent transcriptional regulation ofM channels involves a Ca2þ-de-
pendent NFAT signaling pathway, which requires AKAP79/150 targeting of
CaN.
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Calcium-binding proteins (CaBPs) comprise a subfamily of calmodulin
(CaM)-like neuronal Ca2þ-binding proteins that are widely expressed
throughout the brain. Intriguingly, CaBPs have been reported to blunt the
CaM-mediated Ca2þ feedback regulation in multiple subtypes of CaV1,
and even CaV2 channels (Nat Neurosci 5:210). This modulation of Ca
2þ
feedback potentially influences numerous neurobiological functions, thus
motivating ongoing investigation of the mechanism of CaBP effects. Here,
in the course of discerning the structural determinants of CaBP operation,
we uncovered striking selectivity in the actions of CaBPs for CaV1, but
not CaV2 channels. While mouse mCaBP4 eliminates Ca
2þ/CaM-mediated
inactivation (CDI) of CaV1 channels (confirming reports of multiple groups),
we now find no such effect on both Ca2þ/CaM-dependent facilitation (CDF)
of CaV2.1 channels and CDI of CaV2.1 and CaV2.3 channels. Indeed, further
analysis revealed the structural basis for such selectivity. Systematic FRET
2-hybrid assays revealed a bevy of CaBP4 binding sites on various intracel-
lular regions of CaV1.3. As such, we made chimeric channels using CaV2.3
as the backbone, and substituting intracellular loops from CaV1.3 to identify
functionally relevant mCaBP4 sites. Transfer of the CaV1.3 carboxyl termi-
nus was sufficient to confer mCaBP4 modulation on CaV2.3 channels, but
CDI was only partially blunted by mCaBP4. By contrast, substitution of
the amino-terminus, III-IV loop, and carboxyl-terminus of CaV1.3 into
CaV2.3 resulted in complete elimination of CDI by mCaBP4. These results
suggest that mCaBP4 acts in concert through multiple sites to fully eliminate
CDI. Because mouse mCaBP4 induces the most potent effects, we empha-
sized characterization with this particular CaBP, though other CaBPs may re-
produce the same trends. The remarkable ability of CaBPs to selectively
modulate only CaV1 but not CaV2 channels opens new avenues for custom-
ization of neurobiological effects, and for development of selective pharma-
cology targeting Ca2þ regulation.Platform: Membrane Structure II
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Saturated lipids spontaneously form rigid domain in lipid membranes. X-ray
scattering from these domains indicate that their sizes vary between 2-60nm
Tuesday, February 28, 2012 413aand that the lipids within are well ordered. This research characterizes the lipid
packing and phase behavior of such domains in bilayers composed of sphingo-
myelin, ceramide, DPPC, POPC and cholesterol.
Over the past 30 years, X-ray studies were performed on either lipid mono-
layers, or multilayers. Several attempts have been made over the past 20 years,
to perform experiments on single lipid bilayers, all of which have failed due to
the strong scattering of the bilayer’s surrounding water. In order to overcome
this challenge we have developed a new system, which enables measurements
of single hydrated lipid bilayers using synchrotron radiation.1
This research provided, for the first time, knowledge on the interactions be-
tween the opposing lipids of each leaflet at the core of the bilayer. Comparisons
with lipid monolayers made of the same lipid composition showed that the
phase behavior of the ordered domains differs greatly, indicating strong corre-
lation between the opposing leaflets of the bilayer.2
Large quantities of cholesterol monohydrate crystals are found in atheroscle-
rotic plaques. Studies have shown that these crystals are an early cause of in-
flammation. We managed to characterize the conditions under which
cholesterol molecules nucleate at the lipid bilayer. Results demonstrate that
cholesterol nucleation depends on the lipid composition.2,3
The study was awarded the 2011 Barenholz Prize for basic research on
sphingolipids.
1. Ziblat, R.; Leiserowitz, L.; Addadi, L., Angewandte Chemie-International
Edition 2011, Accepted for publication.
2. Ziblat, R.; Leiserowitz, L.; Addadi, L., J Am Chem Soc 2010, 132, (28),
9920-9927.
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We report bending elastic coefficients and spontaneous radii of lipid monolayer
curvature for a series of phosphatidylethanolamines (PE) with mono- and poly-
unsaturated hydrocarbon chains. Monolayer curvature in the inverse hexagonal
(HII) phase was altered by osmotic stress exerted by polyethylene glycol solu-
tions. Water content was measured by 1H-MAS-NMR and monolayer radii
measured by x-ray diffraction. Interestingly, curvature elastic properties of
lipid monolayers composed of PE with two oleic acid chains (DOPE) are
very close to properties of mixed-chain PEs with a saturated stearoyl chain at
sn-1 and a polyunsaturated docosahexaenoyl (22:6n-3) or docosapentaenoyl
(22:5n-6) chain at sn-2. Lipid chain order parameter profiles measured by 2H
NMR reflect the increasing splay of ends of lipid hydrocarbon chains with
decreasing radius of monolayer curvature. Chain order is independent of curva-
ture for chain segments near the lipid glycerol group. This is the location of the
lateral plane where lipid area per molecule is not changing upon monolayer
bending, the so-called pivotal plane. In flat lipid bilayers, the smaller PE head-
group reduces lateral area per lipid molecule which increases order of both
stearoyl and docosahexaenoyl chains. Motional correlation times of isomeriza-
tion of polyunsaturated hydrocarbon chains, measured by 13C NMR, reflect the
rapid rates of isomerization of polyunsaturated chains. They remain mostly un-
perturbed by the PC-to-PE headgroup replacement. Tetradecane is usually
added to the DOPE HII phase to relieve any packing stress from hydrophobic
packing voids between the tubular micelles of the HII phase. We speculate
that the highly flexible polyunsaturated chains naturally fill those voids. We re-
late PE curvature elastic properties to our results on PE-induced shifts from
meta-rhodopsin-I to metarhodopsin-II, the rhodopsin photointermediate that
activates G protein.
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Jerusalem, Israel.Cholesterol is so essential to the proper function of mammalian cell membranes
that even strikingly small inborn errors in cholesterol synthesis can be devas-
tating. To learn about the membrane effects of the sterols, we combined molec-
ular dynamics simulations with small angle X-ray diffraction experiments in
comparing mixed sterol/DMPC membranes over a wide range of sterol compo-
sitions. Two types of sterols were examined: cholesterol, and its immediate
metabolic precursor 7DHC that differs from cholesterol by one double bond.
We found that while most membrane properties are only slightly affected by
the replacement of one sterol by the other, the tilt degree of freedom, as gauged
by the tilt modulus, is significantly larger for cholesterol than for 7DHC over
a large range of concentrations. In silico mutations of one sterol into the other
further support these findings. Moreover, bending rigidities calculated from
simulations and estimated in experiments show that cholesterol stiffens mem-
branes to a larger extent than 7DHC. We discuss the possible mechanistic link
between sterol tilt and the way it impacts the membrane mechanical properties,
and comment on how this link may shed light on the way replacement of cho-
lesterol by 7DHC could be leading to the disease phenotype.
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Since biological membranes often contain multiple lipid components, mixed
bilayers offer a more realistic environment to study protein-lipid interactions
than bilayers composed of a single lipid species. Unfortunately, the slow diffu-
sion of lipid molecules renders the preparation of well-equilibrated mixtures
a challenge for conventional molecular dynamics (cMD). Here, we demonstrate
that a significant speedup in trans-gauche isomerization and lipid lateral diffu-
sion can be achieved using the enhanced sampling method accelerated molec-
ular dynamics (aMD). Comparison of aMD and cMD simulations of a mixed
POPC:DMPC bilayer shows that the two methods produce similar lipid mixing
behaviors, with aMD generating a 2-3-fold speedup compared to cMD. Our re-
sults represent the
first application of
aMD on lipid bila-
yers and provide
a guideline for future
aMD studies of
membrane protein or
lipid systems.2101-Plat
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Membrane proteins play vital and diverse roles in the cell, e.g., in membrane
transport, signal transduction and molecular recognition, and inter-cellular
communication in higher organisms. The membrane’s lipid composition affects
membrane protein helix insertion, positioning and oligomerization, but molec-
ular mechanisms of these effects are largely unknown. We employ our novel
highly mobile membrane mimetic (HMMM) model combined with molecular
dynamics simulations to investigate structural and dynamic properties deter-
mining these lipid-protein interactions during insertion, hydrophobically driven
positioning and dimer formation of transmembrane helices of glycophorin A
(GpA). Extended simulations of GpA transmembrane helix monomers and di-
mers with HMMM membranes including zwitterionic large head groups of
phosphatydilcholine (POPC) and small head groups of phosphatidylethanol-
amine (POPE), provide a detailed view of structural changes in membrane dur-
ing spontaneous insertion of the GpA helix. Simulations revealed dependence
of helix insertion on the lipid head group content. In particular, the bulky head
groups of POPC, in contrast to POPE, impede GpA insertion by obstructing ac-
cessibility of the phosphate group charges. Interestingly, we also observed that
the lipid content influences dimer formation and stability, which correlates well
with recently reported experimental studies of GpA dimers in native and model
membranes. Prior to the development of the HMMM method these inquiries
were out of reach of atomistic simulations.
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